FREE    EXPANSION    OF   GASES
copper and water to reduce them to their primitive temperature ; and that this quantity, as was shown above, is equal to
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In the actual experiments the exhausted vessel was equal in capacity to the charged vessel, and the latter contained .13 of a pound of air, under 21 atmospheres of pressure, at the com-mencement. Hence, P'= -|P and
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and the quantity of heat required from without to compensate                       Ii |l
the total internal cooling effect must have been
.046 x 10.5 x.13 = .063.
This amount of heat taken from 16^ Ibs. of water, 28 Ibs. of copper, and 7 Ibs. of tinned iron, as in the actual experiment, would produce a lowering of temperature of only .003° Cent. We need not therefore wonder that no sensible external thermal effect was the result of the experiment when the two copper vessels and the pipe connecting them were kept under water, stirred about through the whole space surrounding them, and that similar experiments, more recently made by M. Regnault, should have led only to the same negative conclusion. If, on the other hand, the air were neither allowed to take in heat from nor to part with heat to the surrounding matter in any part of the apparatus, it would experience a resultant cooling effect (after arriving at a state of uniformity of temperature as well as pressure) to be calculated by dividing the preceding expression for the quantity of heat which would be required to compensate it by .17, the specific heat of air under constant pressure. The cooling effect on the air itself, therefore,
amounts to
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* It is worthy of remark that this, the expression for the cooling effect experienced by a mass of atmospheric air expanding from a bulk in which
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